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Abstract (Basic): EP 631325 A 

The semiconductor device includes a non-single crystal silicone 
semiconductor film, contg. a catalytic metal, with crystallinity on a 
substrate. The crystal growth face is (111). The catalyst is pref. Nl, 
used in trace amounts, applied directly to the substrate or to the 
silicon film alter deposition. The amount of nickel added is in the 
range 10 power 15 to 10 power 19 atoms/cm3. The catalyst promotes 
crystallisation of the amorphous silicon film. 
The semiconductor film crystal growth may occur parallel to the 
substrate surface, approx. in the direction of carrier migration in the 
semiconductor device. The semiconductor device is pref. a transistor, 
with the crystal growth direction matching carrier flow direction in 
the transistor channel. 

USE/ADVANTAGE - E.g. active matrix LCD switching transistors and 
peripheral circuit drive transistors. Reduced temp, and shortened time 
for amorphous silicon recrystallisation. 
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ABSTRACT 

PURPOSE: To obtain a crystalline silicon thin film with improved grain size 
and orientation controllability at relatively low temperature with high 
productibity, by forming the crystal growth surface of the 
non-single-crystal silicon semiconductor film having crystallinity, to be 
formed on a substrate, almost into a (111) plane. 

CONSTITUTION: A silicon oxide film 21 to be a mask is formed on an 
amorphous silicon film 12 on a glass substrate 11. The silicon oxide film 
21 is patterned to obtain a required pattern, and a thin silicon oxide film 
20 is formed by ultraviolet irradiation in an oxygen atmosphere. Then the 
entire surface of the substrate is spin-coated with an acetate solution 
containing nickel to form a uniform liquid film 14. Heat treatment is 
performed to accelerate crystallization of the amorphous silicon film 12. 
During this process, a crystal horizontally grows from the region 22 with 
nickel implanted to the region with no nickel implanted as shown by the 
arrow 23. Thereafter, the cover silicon oxide is stripped using buffer 
hydrofluoric acid, and laser crystallization is performed. Thus a highly 
(lll)-oriented film is obtained. 
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X 1 0" a t oms/cm' ~5X 
1 0" a t oms/cm' ®S6HT»-5<i:S,*5n«). t 
/t> ¥«^*tItti:LT. T?T(Dmm\zmt^:it 
^%^i>t. 1 X 1 0" a t oms/cm' ~ 

ixi0"atoms/cm' irWAS r tm^^Xii 

[0 0 1 9] ±m<D-y^)v^m^itm&t 

StC* (*?gffl*T'tt, ^aik^Klgf «7C^*)tti3^7C 

^zti}m^b^\ z(Dm^mi$.-r^iz\t, ttJKTc* 
i^^t. m^it\z.i!,mtMmjim<Dmimf]'pfi< l, 

T«> ffittltf©r:7'b-;i'igS*U x 1 Caloms cm 

■ ' ;aTT/j:v^ ir/N'-f 7.!^mzmBmt}^±c-^ c tmi 

[0 0 2 0] tfc. r:-:/ir^:&fi4j«7c5^iLfc«^, # 
(1) ■:tyX-^^m\ZX-:>X-vT}V^^^^n^Mmii 

\tn^^^nm^m^u.n<Dm^<nmt.x'§txLx^^ 

-5. 
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(3) ^«ffiT:i7y^^#^Ka5gM±!:B£^L/i« 

[0 0 2 1 ] ±l2*JS75>b. y^Xv^agCi-^TjiA 

■^ntz-v^M)^±xwi^mz<m.Lx^^ti\.^t^^oz. 

tt^^m^tli,, IP^. #*®r-v^rJ1.75i»A$nTt) 
+^ ica^ L T ;S I i r •;/ y L T 1/ i i # A ^ 

(®) ;)^*i£fi^S<b©^lCt8igLTtiSi#A'ins. 

i^5ci*^£>gTab^;ii*^ISlfe$ti§. ins. r£>g 

[0 0 2 2] n^'mMm(D^m]5.moj)-\zmwm<D=. 

Mxt^iimtbx\t, mmmmi^z.tti^xt^ 
20 mm-t^z.tijmm.xh^t\^oN[mffi$)^, 

[0 0 2 3] ^1t. «!ii7C*®ilAa«ffi*'>!iViCt 

m^x\mmmmti>. z.<Dij^^m^-^^zt\zi: 

IX 10" atoms cm"'~ 1 X 1 0" atoms cm"' 
30 ^ttiS^cP^iiLT, Pd, Pt. Cu. Ag, Au. 1 

n. sn. Pb> As. sbt^^m^mrz-m^tz\m 

om%\z^f)n^Lx\^^, 

[0 0 2 4] ^t,iT. -'•jDmmmmi'u-Dtzm^n 

m^n^^mmm\z-D\^xmm^ra7Li,. 

[0 0 2 5] mnm. =.v'r)i'^'^1Si\Lts.\,^i^^\Z 

tt. ^u^mm(!imMim-^'byy-s^L.\zmm^L, ^ 
<T)mti^^(ni^^^§ihnmzyysrhx. Vprn-nmz^ 

40 oTti (1 1 0) m^\t (111) iCttUEWSBltOLfcig 

mzmoxiSim-tii^^si^imm^ni,. 
[0 0 2 6] ^tzomm^mmt^K. dsc 

*5j:^7 0 Qv.mi'ikxmmu^mii-^^)mm^n. 

«->7 hf -1)*^. «»J;^tf 1 O'C/m i nom^xnr^fz 
50 «^ICIJ7 0 0. 9'C*^biBa<t?i^'Mi&Lfc. ;^:(c#fi 



It 

[0 0 2 7] mmt±<mmom^^, -y^^'&^m 

mtBLtzh^iZ-Di^^Thfr^T^tz^ t^t. 1 OX:/ 
m i nC0jigT-#fi^ff-:)fc*l^f:«6 1 9. 9X:A^i 

OimmtX^)l=^-\tii^^ 1 . 8 7 e VT*oT. 

[0 0 2 8] ±mmvnzj:-DTm'^nrz^-^t:Tii 
[0 0 2 9] c®«5(cs^i-ett{bx:f^;i.^-fi, 

tiiLrzi><DX'$>^, 



[0 0 3 0] 

[«5] 





jSfttrkx:^;!.^^- (eV) 






1 0% 


2. 0 4 


2. 6 9 


zo% 


1.8 7 


2.9 0 


5 0% 


1.8 2 


3. 0 6 


7 0?!^ 


1.8 1 


3. 2 1 


9 0% 


1.8 3 


3. 3 4 


¥^ 


1.8 7 


3.0 4 



[0 0 3 1 ] ±l2^5{i^tt^g'|4{t:xt^;i.4^-^i, *g 

::zy^)vmw\z^^x^^\\:'^^fz^mm(r>mtzz^y^ 
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[0 0 3 2] ^{c, ^w\<Dzzv'T)mmmwLfzh(D(i:) 

^mMAZ-D^^X. 8 0 0Aco#^MS^^aU?!Mi:L 

^tbX. :z^y'r)l^mil\brzmi$t. ^(D]S:^(Dm^ 
xf&^^^^mf'<^^ti^o::t^m^f^n^o IP"^. - 

^-^hcDtmmiz&mzmimmzff^^^^^^t^ct^ 
mthcot^^^n^, ^fz. ziyyji'^mMbrzmm 
(Dmmz:^^^x{t. mmz^^ms.:bi^\z^ik$>^\^^\m 
mzf^^^&bx\^^^m^^mm^tirz. 
[0 0 3 3] zLti^hom^^^izmmizmmr^^xm 
B^(Dmmx\t$>^m:kT(Dmmm^m\^'^xmm^t 

^:it\zt^o {h k 1 } t\t. (h k 1 ) miz^ 
20 mum(o±x^^/vrzh(D^^'timx$>^, ^fci^its 

(h k 1 > [h k i) tt{C^ffif^tt^±T^^ 

[0 0 3 4] ::zy^)i^muLrzmm(o&^(7)^^mm 

^nW^mm^) ir^liT, -'y^;P(7)itS^S I MS 

30 ( =:;*<^>KS5^tfrffi) iz^om^TzFli. m\llzfr.r 

mbT^o, zzy ^)i^muLrzmii.(D75:^(Dmi$.(Di^ 
^ithitz=^y'r)mmmi}n<D^j}^x$>^t^^^n 

[0 0 3 5] ^t. s 0 0 A(D$mnmm^m\^\ 

To m<^om'b^^u^o{z. '^mmr<^. mom-ofz^^ 
40 ^rz\m^(Df^mf)mmzmm¥n-:^\^izmm'^n^. 

N i S i, TfeoT, *Sffi(0)5eS:^fS]{-*fLTSitl::N 

mmbxi^^. :L(Dmmzmm¥num&mt. ziy 
"rji^mmmmLrzmm^^. xt\^^h<DX{mmum 

50 f^^izitmLxjs.&mhm^r^cthm'orz. mtb 
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T, 5 sot;. 4P?fP^tCfcl.^TliiKl2 O/zmSSOfiES 

SL/tSS«3.'Sfr:3(,iTC7)TED/l^'-> mf-^^mtfr 
m) *iai4lCS^T, C©TEDA^->H. S^fCSit 

[0 0 3 6] &.±o)n»mm\zm'^^. ftm^^^imr 

[0 0 3 7] i-rfflf6£S(I^ViT#X.-5t, f^^itmj] 
Ti^^SP^l-fb^tiorto— ^ (N i S i, ) f}^. *s^-> 

u ziyt^i-^mm^^tzisbizfis^mt LxipmLT^^ 

m-^^ft^m&^it-'ATimnmwm'Mmtuo. xmz 
mmizmm^ti^:it, RUft^ij^cD^mx. % 

[0 0 3 8] b;5^U?iA^'e.. S«t;K¥:^ln]tt. Sit;^ 

^0)6)(;SE®:^(fi](J (111) ^ajAtiSOOA 
<i 1 1) ^ifeco«-&feSft;a«^«-*7c 

X:r-;m=-tt. SuiS Oil 0 Zi-y '^rjl/^r^jjof -5 C i: J; 

0i£jg5$nTii-5fcJ6« znm3^n^3^&m\ui-n\z 

[0 0 3 9] 'Jk\Z. ±ie--y^jl.^«^Sng5^i-i:^Ojfi 

;i'SS«^SDSE5^cDmM#tt a. fc gg l t «(i x 

■y^rJP^&i^JObTViJSliM, 6 0 O-CSSTSc+B* 

•yJ^^K^^maS-HfljiEO^IlCl 0" a t oms/cm' 
~ 1 0" a t oms/cm' SSi L/i«^tCfi. x-y 

'T}v<n^'>SL\zi^wt^hm.fit\^mi.'^mt.wm-&nfs. 



#W¥7 -3 2 1 3 3 9 
14 

[0 0 4 0] -^niC^^L^ 

fztzub. mmrnim^f)m'^r^m\zw^r^^i^A^'p 

u -5 1 i ( i i: o t :i t i I i S (73 i # ^ b tx . 

[0 0 4 1] ±f20i3i-^-rif«*^u(±tt*eiw 

[0 0 4 2] ^cx. :^mm^xmmri>^m(D^mo 

-otLxit. ±E^^nnizmm^-orzi5\^t'=^mi^ 

mmisa^nrzmm(D'prs(Dm^^^m-r^ ztizj: 

B#iC. ii-y^r;KD««Oi£l>««€;flJfflt-*«lJ5K*^lf 

[0 0 4 3] :iOigflja#ic»t)^;5(6]«, ifl^Sfett 

8 0 0 A(7)MiPlrfcUT« (lEflllcti, zn&,± 

(Dmmizii\.^x{mmx$>^ z t^mmLx'^^^^)^) 
<i 1 1) wtt::^i6]icMSttSr#T?>:^[piT*0. 

HuaiO=tc>icfi]ic7):^f[6] 

^mzmmtiiji^) iznLxmifimizm^^^mmm^^r 
^jjf^x$>^. ^fzmmmmtLx. m^^^y3}pit=¥ 
^u7<Dmn^:^f^tti^^^\z-Wi-r^z.timmx$> 

TB£S-rs*?(tr«;ii.^. 'tzx'M^^'^mtLxit, f& 

o;&tfi]t+-vU7o8ittis:^ifi]i:«±2 0° mm(Dmm 

X$>tHi-W!.LXl'^^t^f£-rzttL. 8 0 0AO# 

[0 0 4 4] -^iz, iasRi;Ei6]tt©$ijffli:^ffiiroi,>T 

i^T, x^^mm^n-ofzA^. "to^mizny ^-i^ tbx 



( 9 ) 
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[0 04 5] • mm7imitmmmmnmo)mmizmx 

rti>mtmmT'\f$^titzmmtr^it)\ ±miimit 

i^mtmMmmtr^-fj^ntm lo 

[0 0 4 6] -g-LT. ±lfi»A°5/-^'5r^^k^-ti-Ac<t 
(111) 6Bl6rffaJt= 1 
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tiz. ninrzmm^^mmzwuritzif)T^^ i ic 

7r:tJ:oiZ (111) ^\^ttm^^mt^Zt{ZL. 
(Ill) BBlnH4*^*iS5VitVog^*±gS (1 1 1) E 
\i^itmf)^0. 67&,± (^■kiZyy^AtmrniZidi^r 
it±ti^mi,zmo t (1 1 1) iE[6]it**50. SSifj: 

0. ::(D]tm0{S&,±(Ditm-^^$>tni (1 1 1) 82(6] t 

[0 04 7] 

mi] 



(2 2 0) E|fil#aik= ^^(2 2 0)cD(lii),c:it^^jg^ja;g 

s^® (2 2 0) 0 (11 1) irstf -swstsas 



(3 11) E|iSj??«EJfi= 



_ S^fio (31 1 ) o ( 1 1 1 ) tc*j-r 



»*0 (311)0(111) 



(111) E|6lltsp= 



(1 1 1) Eifijfififcit: 



(111) BE|6]»iElt+ (2 2 0) iaiSjfiEfiit+ (3 1 1 ) ElJofi^fiifc 



[0 0 4 8] ^lt;io (1 1 1) SElRjtk^&SlCl^tf [^3] 
[0 0 4 9] 30 

[«1] 

















(111) 





[0 0 5 0] 

m2] 

















^< (111) 





[0 0 5 1] 



40 



(111) ElSj^ -*/Jx 



[0 0 5 2] 
[^4] 





ElfiJtt 




m ( 1 1 1) 







50 



[0 0 5 3] f^. r^my^mt^^izm^nrz/^'y^-^ 

m<D^m^itmr^nm\z:ir5\^^T\t. ±mlzm^[:mm^^ 

f^^^^^^^^ya^x^mm-f^fzibizocD^o^soG 
m(Dmm^\z-y^j\^^muLrzt>(D^m^\ mo^BS, 
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fs) $5 5 orsBtrBi. ^of*oi/— tf-«saft: m 

bI^TS-S) §:300mJ/cm= tLfz, 

[0 0 5 4] «ff{cs$nTVisao. ttii^ 
[0 0 5 5] «2«. m^^^-^m^^^ftm-^omM 
i-s^t («iPfiE#tticoi/iT(i^a>) ats^^ic (11 20 

1) ElnJttS'WL'Tt^fe. 

[0 0 5 6] ^3«affftStt;coV^TT$.^7J^ ^/f 
(S3 0 OAi^'hS 0 0 0 Alr^l/iT^g^SrfrofciC 

^mm<x^t^^^mMm-otK>tmm^nrz, z. 

®f*g. 4 0 OATj^bS 0 0 Aic-:3iiT(iig9(iS^$ti^ 
|S]«li«!|:^n:rd;75^-:)fc, *4«Slfi!Jfi:/n-fe;^(c*3li 

^ ±® (cSEfta* A^Vi t ^eifiK:! y □ -fe X ® 

»ICJ:0^-©E[BHt*t3E{bt--5*tfBin'b (1 1 1) ffilS] 

(111) E[6]tt*t5$<. !tt(cig9*^?)fc?^<^it$n 

-Set ^ IC, 8 0 0 AKTT«*^:^ 0 3itri ( 1 1 1 ) E[6l 
MiP^S 0 0 Ati.Ti:-rsCi:frJ;oT, CllDE 

[0 0 5 7] 01 «. «iffiE:g*fflVv z:-y^;i/®^i!)ng 40 

^mt-^^tzm^cDfm'&.^-fo y V LfetCOT'*^ 

ffi^SnS:fT-3fcl^OK-X«^. (1 1 

1) E[6]lt*S:. *fc;&fflll®«ffifft75iU— tf-i^Sfkfl® 

C®0J:O. (1 1 1) E 

[fiiit^s-, tta7c5g®aisicj;tjT7>yA*ie. (i i 

1) E(fi]tt*TSSlcaj<b^-B-SC<»:7!)«pIflgT*-5Cl^: 



( 10 ) !^W¥7 - 3 2 1 3 3 9 

18 

mNi^^^r]y—*f-m&itmzsn^trBii^Lftm 
^^^^rhmm<Dmi^MM.in^:Ltiz^r)mi&-$ti 

fz. 

[0 0 5 8] 'AiZ. miZltmLXf^^UUA^. friSi-^t^ 
l^K ) HF-X'*€:li-^-rfCiSnT. 3 3A!m75^e.2 0 

[0 0 5 9] x'\t, ±ii(Dmm^m\ti:<Dmtmm{z.ii 
m<Dmm^. mnBSL&0mzi£(Dmm^inzA^x±x^ 
Hk^mmr^ t&.-r<Dmzti^. 

[0 0 6 0] ^1 cD^mir^v^TIi, TW®iztt!«?c 

•*§(tT*50. Z.<r>^^X (111) ElSjttfOife-SBI 
[0 0 6 1] «2 0^m!c:3l/^Ttt. fijfi!cg3|55^(i±av 

[0 0 6 2] ^3©^;pfifei?tt(roviT(i. k;p*w< 
t(nnM<Dy.^-)v^-(D]tmifii(&nmz^yL. (i i 

I) (CEl6]$-B-^;^*tpiS^!^>t#A6.ns. 

[0 0 6 3] ^4 0 2-:3C7)SI)5)cS (±®lCgE'fba^M*^* 

mxmt>ntz^<D\t. ^^^tLx±.T^mit^^xm^ 
nx^^^zttt^n. 't<D!^m^'k'&it^'^^^< (i 

I I) WL^\^tfii>h(Dt^7i^n^. ^niznv. ± 

*«-lcfj:SAc«6-e-nfc'(tJ*lS:^*J^S0 (1 1 1) E/IH 

M/¥i:E(^tt0FBl(cH^«Si^j:fflM*^'*-pfc. 0iJ;^«'5 0 0 
A©#i,K^*^&ffl^ifcil•g•^ctt (2 0 0) 

(3 11) «l2l6]tt75^'^<M^$nfco miI-3liT 

T^S, IP-^. igaOfiKSSS 0 1 $.-5li«5 0 6« 

(111) rntt^fr-^T$)-SA^*. CO® 

i)^mmznLxE(Dmti^m^^Lx^^^i)^t^(Dmn- 

^Kff*i^{krn«. «ajAt^8 0 0 AroK/PJCfcUT 

H. l,»tt±C0*g^fi£fi;^(^i]5 0 4 i:*g^fi)c*®5 0 1 
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(111) mizm\M.t3.i;f^y)mm^tii>::tizf3.^, L 

tt±©^^fi£fi^f[6] 5 0 5 i:lJ^ilT(ifj:<, 
^A;^cSfi6(c#JDLT. u— y-'-^a^bTi^* (1 1 1) E 

'^(omm^fsmz^Lrz^(7)fim2x$>^, m'^coAit lo 
tf-ieaftb;t (111) m^it(Dmmi^\,^ 

-■^-fS^itLtz (111) E[6]cDgB5i-*^5feiYd:l.i^JT- 
^-5, Z.nt:mHl'f^m^tLX. U— tf-igafcOl^ 

(Ill) iB[6)i±^;<i5i«< 

ii5se)-5Ci:*^ (111) §i\^jtm^Mib^CtiZ\M.UL 

x\^^^ct^^tt,o:>t^^irL^. 
[0 0 6 4] 'Aizi^imz-Di^xit. mMcomM.=s:m.m-t 
^fzubizit. mm7tm^m^^rzm-^izi,i^(Dmmmmm 
icie-f. mm7im(o\^-xm\z^K)m^±mmf}^-m 

[0 0 6 5] J:oTrne.**ts&-5t. mmi^^itR 
um\^^<Dmm:^m\t&,T<om\zn^. 

[0 0 6 6] ^■rmtltLX--y'r)Uzi^^^n^»m 30 

\mifs&&tu—>f-m^it^»m-r?>ctizr?>. z. 

<Dmizmm5im^WLmizmix\ri> c t iz^oi&mimm 

[0 0 6 7] • (1 1 1) E|6]tt*^iiS^^IR$^tfc^i«^ 

it^*/h$<r^. ^loysm^m^^^ctiz^D. (i 

1 1 ) ElSltfc^^ 0 . 6 7 ~ 1 ©PalTl£.lciC*J'(ait-^> C 

t^^oimx$>^. z<D^^ititm^Tif^:/3&tLx 

[0 0 6 8] • 7>yA^£lK^f#fcti»^ 

m^:kt<r^. z.<Dmmititm'S:ii^ib^:^mtLx 

[0 0 6 9] • ±IB©tf"WOEiSH4$^T'5l8i4'#fct,i 
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1 1) E(6]Jt*5rO. 3 3~10FB^TffiiclC$<Jjai-r-5C 

<i:**^figTS..5. z.(om^it]tm^mmtjimizri>:^m 

[0 0 7 0] • ^c7)ft!l®E(6]ttCDK$ft/tl/^*l^ 
mtbXitS 0 0 A;^^^ 3 0 0 AggcoF«flT-^fkS-a-^ 

ztm\mm^'bmoxm^L\^K 'tni^ij.^m^m^ iz 

[0 0 7 1] :^ic. ^^<nW^^^7^^^^L\.xmx 

[0 0 7 2] • < -rs*^. wm^midt 

[0 0 7 3] 1^. ±i2©ttj«7cmo^M&si|ffli-rs® 

tUBtlC^ @*SJ5£ftOiaSRy:B#F^^$i|«I-rsr<i:li# 

[0 0 7 4] ^^ajtcijViTia, m<«7Cl^<*:bTr:.>^ 
t,ife«^ (CS t>ffi«;^^!ill<&f#5 c 1 1fiX^ 5 

<(iPt. Cu> Ag. Au> In, Sn, Pd, P. 
As. S b^fijfflf -2.C:i:;0^T#^>. iltlGW^I^lia 

[0 0 7 5] Sfc, ttl«7t;^©^iA;^^£tt, 7Krt^-^7 

[0 0 7 6] T«gf*(c. ±ai®&a^tt<£BSAfc± 

T-TFTlCJ«;ffl-rS;fyftlCOV^TiJi?g-rS. Z.Z.XTV 
T®^Sffl^^•If i: LT«T F 

^. -•y'5r;i.$^S^JOU> 5 0 0~5 5 0"CeST4 



( 12 ) 



7-321339 
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T\t. ff&my ^ hm^mr ^»mhy>z^7.^ ctf 

T) om^^izi^r^^. ^^mmmr^m^sr^^mitt. » 

[0 0 7 7] 

immm] 

y'rJl^mXL. m^&^rrt)'tt. (Ill) Ef^tt(7) 

[0 0 7 8] m3iz:$:mmm\z^n^i^mxm(Dmm^ 

0 cmft) ±0#SMa^Ml 2 (y^X-^CVDC05 

ooA<Dm) ±iz-^7.^tu^mimmm2i (ti/^- 

Wtimm) ^1000 Al^±. Z.Z.-(:\t 1 2 0 0 A(Dm 

^iz^mr^. z.(Dmi\:^mm2 i(Dmm\z^^^x\t. 
^m^^<Dmm{zj:^t5 0 oAx-hmmi^^fsi^^ct^ 20 
mmLT^o. mm^m^T'&n!ii^izm<Ths.\^^t 

[0 0 7 9] ^LTii^07;t hU7/1^-->yxS 

{CctoT. ^i^^mtr^/^^->\zwtimmm2 

n>^-r^o ^bx. i^mnm%^iz^^f^mnm(7)m 

Tzmmta^-izmi^T^s^Tm^'^n^. z.(Dmtm 

T^ctiz^^xnutfti^. u^c(Dmit^mm2 0 30 
(Dm^\t2 0-5 oAm^t^^^n^o ms 

(A) ) 

[0 0 8 0] CK^t^c^Jl^Dl^T. 1 0 0 p pmc^H'y^ 

ji^^^^Lfcmmmmm^ 5 m 1 ( 1 0 c m^s« 

T^e ^;^C(OBS> Xtr:^- 1 5T5 0 r pm 

Tl Og?coxe>=]-h^fTV\ 

L;'c?^Xtf^-^ffiliT2 0 0 0 r pm. G Oe^cOXtf 
>K^'fS:fT-5o ;:t*5C0DffiJ$ti, Xlf:h-±{i:teliT 
0-- 1 0 0 r pm(^|Hlte*$1t;'i7;;^bff^cC'3T*)J:lio 40 
(HIS (B) ) 

[0 0 8 1] ^LT5 5 om (^m^mm . smmo 
mmi&m^mTct\z^o. $mnmmmi 2<d^^^h: 
^noo z.(Dm. :^y'r)it^mx'^nrz^^2 2 0mi^ 
t^^2 si^^^n^^oiz. rzy^ji.^imx-^nU'Drz 
n^'^ti^yj\^izm^&mmyt>n^o ^©cd^^th 
m^^mtLxs 0 ummmm^^tifzo ^lt^co 

3 0 0mJ/cm' <Z)/N°7-Sa[TK r FX^vV 
U-1f (2 4 8 nm) (3 J:^ ^f-iSSIt^fTofco 50 
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[0 0 8 2] ccDmizLTm^nrzi^^jziym^xmm 
m^n-oT^rztz.^. a i d s,\^]tmf)^o, 91 

7 (Ill) E[S]14:d^^f«fiii5Viii;5tf#*^n/io 
[0 0 8 3] [*Sg0iJ2] :*:||M^Jta. IISg0iJlch^:< 

0 Aci:8 0 0 A0 2SSTiSLfcC^JT$>'i). 

[0 0 8 4] m^tLx\t. xm^m^hM^fz n 1 

1) igfojlt^tdo^iTti. 4 0 0 Ac7)as*4ti*^ 1 . Ot 
mi^^iz (111) Ef^(^MT*o. sooAcoii*^ 

«0. 7 2 OchS 0 OAlCit^LTS^ (1 1 1) ErS] 
tt7j?^'§§ < :?^ci: o T -5 :i ^ ;0^^yjH^ b fco 

[0 0 8 5] [nmm 3 ] *^is««jTn, 

t^Mmjim^ymmiz^^'^itx. ^mw^mm±iz 
m^L. L^^^mizmmz^Du^it-^i^. ^^izu- 
^'-^<Dmmz^o^^mi±^Mii>^mx$>^. com^ 
\tmm(oimiz:f5^^x\tm^St\z^rzo. \t^my>y 

[0 0 8 6] ms^ffli^^T, m.^7im {z.zx\tzz-j^ 

«^JlC:fcl:»Tti. S«l 1 tLXU-iLy^l 0 5 9;^^ 
X^^ffll^^o ^tz^(D±^^\tl 0 Ommx 1 0 0mm 

[0 0 8 7] S-r, ^NSSa^Kl 2*y^X'VCVD 
S-^LPCVDffi^IcfcoTl 0 0-15 0 OAj^fig-r 

<i:iTii, y'yX^cwDmz^'Dxtmnmmm 

1 2^5 0 0 AcoJl^tCfiScMT^o (ins (A) ) 

[0 0 8 8] ^Lx. nniSLU^fmim^^m.<fz 

J6{17 v^^aH^fTl.^. ^f^tt^ll:Ml 3^ 1 0-5 0 

A\z^mt^o f^ntmMx'^^m^\z\t. m\tmi 3 
o^^^^ 0 (I g .^^^tm ^ CO ^ s ffl ^ I i o 
[0 0 8 9] t^^. ^lomim 1 3 \mn(Drzisb'sEmf^ 

mw\t'^mxh^i)^. 2 0 AggT^^i:#x.^n^o 

'3(Di^my5mtLx\t. mm\m^m^^^(oxh^\^\ 
'^rz^m\\:7i^m\z^^9jm\z^^h(Dxh^\^\ 

[0 0 9 0] c:<7)S^ftJKl 3«. ^^^7)-^y>^^;^>&-g•^;t* 

^0h<Dx^^o m:^{i. tmni^mm:(D^m{zmim 
m^mm^m^Lfzm^. $mn^mf)mmi&mm^w 
i^xL^o(Dx\ t^^nmmmo)mm±mz-y^)],^ 
mxr^:it^^x^f^\^K ip-^, i^-^s^sfb^fT^^ 

[0 0 9 1] -D^lZ. :zy^)\,(Dm«ii&7i^mm^i^^o 

Zly'r)l(Dmmt2 5 p vmtt^. tLXCOmmm. 

mm^^mn^mm 1 2 ±(Dmim 1 3 (d^bi- 2 m 1 
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nt^. ^LT7.fcf:^'-^ffiV^TXtf>K^-r (2 0 0 
0 r pm. 6 ^^Oo (05 (C) . (D) ) 

[0 0 9 3] Z.(D=.y^)mm<Dm.^Xn^. HaJ-^t 

1 2 0^mz^A--^mA<D^^i^(Dmm^^T^ziy^ 

(D-y^)if)i^(Dm<Dmmxmiz^^^x. $mmmmm 

4o, :i<Dmt\^^o(D\t.. %±fs.mzts.'D'z\^^^t\tmi^ 
f^\,\ i^, :^^mm\z^^^x\tm^mmtimt\.tz. 

mmi 2^\z^^n^-y^)V(Dmm^mmT^z.tt^ 
x^^i)^. &hi<tfmmmT\mmommx&^. 20 
[0 0 9 5] ^LT> i]mmz^\^x. ^mnm%^\z 
43t.iT5 5os. mmo:)i]mMm^no. z.(d^Wz. 
mm i±.\zm^^ntz-w^m^^^^'r^^mmmi 

y^:jL-^^m^^^fzm^mm^^^i^tztz.:5. 9 8. 

[0 0 9 6] iLiimm^m\tA 5 o^K^±cosgTiT 

^m^^-f. ^mmmi^my^^. ^tz. 5 5osj^± 

[0 0 9 7] i^nMm\z:^\^^x\t. ^mn^Mm±.\zf& 

^Ttm^mx-^^ij^^^sLtzi)^. $mm.^mmT\z^ 

mm(Dmn (i 1 d ^]p\^m^i^\z^ 

<f<l'DXL^o Z. t\Z&.M-^^'}i^^f)^$>^. 

[0 0 9 8] inm^mz^y)-w^^^^^^r^^mm 

I2^nrzihs K r FX:^^vTl/— tj-* (jS»2 4 8 n 
m. /1>/l/X*i3 0 n s e c) ^^*»Ha;43(C^liT 2 

0 0-3 5 Om J/cm' (^/l7-«ST|S:i>3 * 40 
^iS««JTiJ3 0 Om J/cm^Tl V3 KBS^I^L. ^ 
^181 2$^t:(c^fifl:'ti:L.i6^o COXSti, 

[0 0 9 9] ^K^^iicLTff^n/iiS^ti^^rr^s^ 

aeiC^-To (111) (2 2 0) (3 1 1 ) <3[)tf-^ 

7:/^t^-:3#o<^g»j^n, ^introi^T (i i u Ef^it 

^^fi-^T^chO. 4 0 5<h;^j:0^>^A/j:IK;O^^Mii 
[0 100] [^J6««J4] **iSm. *JS0iJ3(C*5^^ 50 
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T. ttj«7C^T*^-^yy;i/:S(Dfig$ 1 ppmchL/c 
t)(7)TS>5. ^<^ft&Offl31tl^Tlll®^J3.h|t|*iT$> 

±^<^^Cti^^n]^Xh^. ifz. *^S£^J(CMLT 

ts. m^s!i&mf^^4mr^wb(Dti6mm<D^(D2'D 
(Dmxmm^'ftr>rzo mmmmmm^mmmmL 

tbfzmm. mmm3(Dm^j:ohtmnmm(D^^ 
^^^<. ^fz^^^^m^^^u^i^^mcD^^i&TLx 
vifco 'A\zu-if-f^mim(Dum^±nx.y^t^sE 
uiz^ommLx^fzo ^0*sm. ^[Hjcot^fcr^jgiSK 

««j 2 (Dm'^titmLx:^^ Kr^c tt)^'^mxh^ c t 
mmLtzo 

[0 10 1] MIC. \y-^-^^im(DUM^xum^ 
^n^x^tzt:!^. m^^3Lt^Am^(Dm\t (1 1 
\)m]p\)tm^o, 7 3ot. ( 1 1 1 ) EfS]ttoK;!i^ 
n^ntzo ^tzi mfmm&&^n^tzWk\t. iiiErsi 

&^%mLxY^m:Lfz^^^^mm^m^^x. tft^ 

mmmzmmx^^z.tm^oiixht^\^\ 
[0 10 2] mi \zi^nmm<Dv^mTM^mm^^.-ro 

^t^:^^xa«i 1 ±{cTftS0Kfi:^mK (^^-arf) 

^2 0 0 0 Acojp^{cfi£M1-^o 

[0 10 3] ^LT, ^^Sa^M^^il^Jl <tf^«;:i: 

;^ffiT5 0 0 Acz);p${c^^-r^o ^LT> 
^'^m.<tz^a^yym^W(D'ik. mm\m^2ok 

um<Dm^\zmm^mm.x(D\jv^<Dmmz^^ x^m 
iz^^yjmx^^iK 

[0104] ^LT25p pm(Dzzy^)l^^:^{^rzm 

aiSM2 0<h2 l^^OI^^, 5 5 OS, 8P#rB^C0jlDlS 
{CJ;-::>T, illli^^j^^{l:$-tt^, (CI C ST^illJ60!i 

i\zm\.tz^m':^^tm\:) 

[0 10 5] ±iBJJD^m31^fT^Cc*:flcJ:oT. ^^^S 
^53^ci:*Sa^5j^ct7!;^*^gffiL;ta^M^I#^n^o Z.(D^ 
^&i^\zm^^mt)'^n^LX^^^. ^^iCK r Fx4^f> 
VU-lf-)t^2 0 0-3 0 Om J/cm^ , 
Ttl3 0 0mJXcm^ TRBI^-r ^ C <^ J: 0 , S^IK 

V^TtJ. »«^4 0 OmSlIjUDHftT^o ^(DHU^r:^ 
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[0 10 6] :k\z. i^^itLrz^mmi/^^-->^L 
1 5 0 0 A. c dTti 1 0 0 0 A<Dmit^mm 105^ 

(07 (A) ) 

{'S^flSl 50-600 ff^L<«300--45 10 

ox:x\ RF^yx-^cvD^xj^m-mmbrzo TE 

OS tWtm<DKt}it{tl : 1-1 : 3. ^fz. EEtl\t 
0. 05 — 0. 5torr, R F/t7— fi 1 0 0 — 2 5 
OWtLfzo ^^l^\tTEOS^m:[tLX:t'/yi^X 
<h ch fCME C V L < HSffi C V DSfCck ^ T. 

StKSSS:3 5 0-6 0 Ot:, *f ^ L < ti4 0 0 - 5 5 
orchLTJ^j^eUfeo ^Mf*. K^fcU<ti;i-7>0# 

0 0-6 0 0X:X3 0-6 0 53^7--;H.fCo 
[0 10 8] C:cOt*C^,TK r FX^vT-l/-+f- 
fi2 4 8nm. /i;i/Xi|i2 0 n s e c ) $>^^^t^tlt 20 
|pI^?i?S7t^S^M-r^CchT\ >^Uii>^«l 0 40g 

^it^&j&^^xt,^i\ mz. m^^^mi^fzRTA 
r\z. mmo^^miRmizmmr^zt^^xt. u*^t> 

<Df^miz^\r^x\t^mx$>^o 

[0 10 9] ^om. m^2 0Q OA-l MmODT;!/^ 

:=^'yi^m^m'f-\z-Ammmiz^'Dxm^Lx. zn^ 
/^^-::i>^L. ^*-( hmmi 0 e^m^r^o yji^ 30 

~0L.lZ{tX:t3>z^^A (Sc) ^0. 15 — 0. 2fi 

2 2 0 v^TmEE^±^f. 't(Di^mximr^m^Lxm 

m\t2^5y/^'^m'^x$>^. c(Djzo\zi.x. 
1500-3500 A, m^ifi. 2 0 0 0 A(Dmmmt 
^io9^m^-r^. mi (b) ) 40 

[0 110] ^cDf^. -r^>H-t:>^i* (y^XvK 

>m^\z. hmm^^-^x!; tLx^^m'^mz^f 
y^> (PH, ) ^ffli/i^, F-xati, 1-4x10 

[0 1 1 1] 137 (C) lZ^-r<^0\ZK r FX 

^->T— (iS:^2 4 8 nm, /\°;UXi|i 2 0 n s 
ec) ^HgitLT, ±IB^«iE#)m^(;)#A(cJ:oT^S 
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150-400mJ/cm- . »^L< 
«2 0 0'-2 5 Om J/'cm' T*^o C^LT. 

(^^)m^io8. 1 0 Q^^^^T-Sc cn^co 

ffi^(7)f>- hffitr[tl2 0 0-8 0 0 Q/DtU^, 

[0 112] CC0Xg(Ci5liT, U-^-^^mi^^iX 
t:>OlZ. 7^^y vzL^>y$fsefflLTe»#PBl{Cl 0 0 0 

-12 0 or (vU=f>^:X^~c7)S;^) ^T_hff$ 

^I^'7x-;l^) (RTF. ^if^y h • • yair 

[0 113] ^cof^. ^mizMfsmm^i lotLx. 

TEOS^lg5|sfchLT, :ini:»*<i:(7)y^7:vCVD 

Dmiz^-Dxmmmm^m^^o 0 oAm^-r^. m 

tefiSH2 5 0-4 5 or. 3 5 Orct-T-So 

umzmm-r^o (m? (d) ) 
[0 114] ^Lx. mr^mm^i i o^xy^y^L 

X. m? (E) {C^Tcte>{CTFTc^y-X/Kl/-r > 

>c7)E^i 12.11 a^ff^jsgr^o 

[0 115] gft{C> 7K^4'T3 0 0-4 0 0t:T0. 

:i(^TFTtS. y-X/KK>«i«l 0 8/1 0 9(i: 
5^r^-;b?^^^^l 1 4^*-LTt>^c Sfcl 1 5;&^N 

[0 116] :^mmm(Dm^^imLtzm^. ^itm^ 

iZ^^r^:=^y'r)l0mm^t. 3xi0"cm-'SS* 

^^m^tll^XTO. ixio'^atoms cm-'-3xl0 
"atoms cm-'X$>^t^pii^tl^, 

[0 117] :^nmmxi^m^ritzTFT{t. wm^f)^ 
Nf^'V^-;b'T7 5 cm' yvsi^y,±(Dh<Dm%^rixi'^ 
^0 ^rzv.,h^h^<mu^ii^^Lxi^^ctf}m 

^^?iJfflL/i«^{Cti, N5^i^:^;i.^Tl 0 0 cm' / 

[0 118] c^s£«?ij6j nmmb(D-y 

[0 119] m^tLX\t. i^mm^^N^^^^)],Xl 5 

ocm^ s};j,±<Dh(Dm%^nrzo :in\m&^m 



( 

27 

(Ill) El^tt^$>'5S^WLTt/^^fc56> x/WX 

2iz^sr^o\z-y^)i^mi}imzmxL. ^tcD^^fj^ 

jimm^'^^izi&,<r^^t^^T^. y'/UT.o^m^^ 

z.t\z^^T. mi^±\z (111) EfSittoiK^tt^ 
[0 12 1] liI8(c*||:^fi?ijof^$ixg^^To S-r, 

S«2 0 1 SriSfejf TEOS (5^ h ^ • X h + -> • v 

TJP$ 2 0 0 0 AcD^{t:a^OT^M2 0 2 ^?^J5ScT 
1 5 0 OA, **Jfi««JTti4 0 OAcDStt (IS) co^^ 

mn^mm2 0 3 ^^mr^o :k\zmmmzm^ s o o 
--2 0 0 OA, 1 0 0 0 A(Dmi\:^mm2 05^ 

m2 0 5^mmmzx.y^>ifLx. ^mm^mosa^ 

Lrzmn2 0 e^m^t^o . 

[0 12 2] ^LTllJfi««J2IC^L.rc;^ffilI.J;0jSa{l: 

(;icTtiftKfii»jK) m^r^o mwtmm^\z:h{^^ 

[0 12 3] :L(D'ik. ^mnm^rxB 00-620 

*K2 0 sco^a^kSrfT^o m^^m. ny^)vtmm 
mtmMLrzmi^2 0 6^ffi^.«;?.chLT, ^mr^-^n 

^ct "5 (cSSir^t LT¥^T7^c^;^f^lc^S^S^*Ji^T-r 
T^^itLft^^. m^2 0 3iftmy3i^\zf^mi\:Lrz^ 4 

summmxh^o (ms (a) ) 
[0 12 4] ±mDummm\z^^^^Bitxm<Dmz'^^ 
\zu-'^-yt0mii\zj:ommm2 0 3<Dm^^iW}& 

immm2 0 s^m^-^nzu—^-i^^it^mrrzib 

iz. *JSWli:Ot)Mtrigxt^;i/^"-, **iffi8«J*Tti 
3 5 0mJ/cm^ T^^fb^fT^fc, 

[oi2 5];^{i. mimmm2 0 s^m^^r^o cico 
m^2 0 6(D^m\zm&^n^mimh^^m\zf^.^ 5 
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t^o tLT. a^K2 0 4 ^/^5^-->^f^, 

zom. ms (A) T2 0 ex^^nrzmmt. r-yy 
)i^^mmx^rirzmi^'(:$)D. ^zy^ji^iMmmizn 
&r^mis.'v$>^o ^tz. ^^^}&&o9ci^\zh. ^{to 
:zytr)i^mmmzw^r^ct^mm^nri^^o z 

0 mm<DM\^mm^'^^^-)mBimwi,tmr^6u\^^<i:oiz 

[0 12 6]'^<D^, 1 0 0*W%C7)*^^^^tn 0 

^JE, 5 0 0-^6 0 ox:<D. Rmmz{t5 3 ox:o)nm 

(^mm) 2 0 8(7)^®^g^fi:$-tt. mimmm2 0 9 
^m^r^o mimmm<Dm^{ti 0 0 0 A<i:-r'5o m 
mit\z^'Dxmimmm2 0 9^m^Lfz(D^. 

7>^r.7SH^ (IMEE, 1 0 0%) , 4 0 or 
0 0. 6'-4/zm, m^^i. 0. S'-l. 4MmlCti-^ 

€:t)::)#n7ts:3 0-1 8 o#ff9itL. mimmm2 0 

9\znLx^imm^mr. f^^c(Dm. nmmzo. 

1-1 0%C7)HC 1 ^gALT^cfct^o (138 (B) ) 
[0 12 7] ^l^m^^X. xnyi^Vy^&lZJi'DX. 
JP^F3 0 0 0-8 0 0 0 A, m?iii6 0 0 0A(D7}l^ 
^•'yj^ (0. 0 1-0. 2%C0Xti>i^^Ls^^tS) ^ 

X. y< hmm2 1 o^fl^figT'So (ms (o ) 
[0 12 8] :i<Dy)i^-ryA(Dmm(Dmm^ 

-ji^^^+TfT^o t#'^n^Kit:t)S2 1 i(Dm^\t2 

oooAt^^o c<7)K{t;#;2 1 Ui, f*o-r^ 

(D) ) 

[0 12 9] 'A\Z. ^^>K"-t°>^*ft (y^XvK- 
t:>yaTt)i:VO {iJ:oT> (V-X/K 

^y-r hSM 2 1 0 i:^c7)|gHC0K{l:® 2 1 1 ^-^7.^7 

x\tm) ^mmr^o i^-^^y^-^xtLx. y^t-xy 
^> (PH3 ) iDiimii^e 0-9 0 k V, m 

^iftSOkyt-r^o K-XSt^ 1 X 1 0'^-8 X 1 0 
cm-^ 4X10'^ cm" tT^o Z(D^ 

NSc7):FS6tJ?S^2 1 2 i:2 1 S^fl^^r-S^lch^^* 

T^^o m'^^h>hm^'f}^u^o\z^m^mmty^ hm 
mt\tmmxrzimnrz:ty-ty h^mtu^o 
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mm uymmth\^^^) ^{gi«-r^±T*^4T^^o 
mmizwm^nfzmm^mi^m^^^ o \z ^)-^mmm 
[0 13 0] ^(DM. v-^-itommz^^xT-- 

- iik^2 4 8 nm. /Vi^xm2 0 n s e c) ^ffll/i^S 10 

mt. X:^^;P:^^--gg;0'?2 0 0-4 0 Om J/cm- . 
«?y^tf 2 5 OmJ/cm' tb. 2 - 1 0 

(omM^izsm^ 2 0 0-4 5 ovmrnzmm-r^zt 

{CcfcoT. ?^«^ii;^-li'L5^)Tt>J:l^o (MS (E) ) 
[0 13 1] SgViT, J?$6 0 0 0A<^Sr{t:S^iK2 1 

4 ^ 1 F^i*g^tj L T y ^ x V c V D ^ ct T ?^^r 
5 KM2 1 5 ^m&b. mm^^mtr^. 20 

[0 13 2] ^LX. m?Smm^2 14. 2 15(c::> 

> t7 )i^zio h.(D^mm\z^-:>xT ¥ T (omm • bbs 

2 17, 2 1 S^Jgfig-r^c gf^JC. l^ffiCDTk^gffl 
mT3 5 0t:, 3 0 53^O7r.-;i/^fT(,i, TFT^WT 

(F) ) 

[0 13 3] i^%mmxvFmLitTFT\tMi»mm^% 

^B^Mco\^y^/^-\El^lzm^'r^z.t-f)^x^^. M 30 
»mz\mmmt^N^^^)VX2 B 0 cm' yvsi^± 

-otztz^. fe# (I is ^ X > -> ^ JimM^^i&T LtzZ 

tizismLx^^^t^m-^n^. 
[0134] mmm s ) *^ig«fy«, mmm i oetfig 

IP-^. 5 0 0 Ac7)*1f (IS) (;o#SMa^^2 0 SCO 
f^(CiSgSWirdcML;^ci?$ 5 0 0-2 0 0 O A. fi?iJA« 
1 0 0 0A(D»{t:a*iS2 0 5^«I1&L, ^Of^t^Olt 

OCD Type -2 (^7 > K— 7^(7)^ f4 Si -5 
9 0 0 0-SG^fflli. CO^lZ-y^Mt-^!^^^^ 

-^ittzm^^mLfzo ^miz9ciL^x\t. ^®^:ty> 
^^mLfzo toms orzRui 5 or<?)y»j^— 

fTVi, ^ViT2 5 Ot:OD4^a7^fTo;'c:« C(7):^^:i7C0 

n^m^\zw:mbxL^orz^&M^^ii^^mx$>^o ^ 

jL7IS{w*3tt^i£»or>A'U-\'-<hLTf^fflL. 50 
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m\^^m^\Z\t2 5 0T:Tt)3fe^^{I-'y^A;!?^*J£«iLTL 

X. ]yi^xhxt^'j^-iiK^^itrzho)^m^^rzo 

mm\ZW-^^^s ^rcyhiiDhl'U-f'fa^X^^m^ 

■r-So n^titzTFTo^^mi'MmmvcDi^tft^mm 

5, mi (2 0 0) Ef^<h;ioTli^Ci:;:>^gay$tl 

fZo 

[0 13 5] i^mM9} ^^mm\t. :y^xsis±ic 
m^^nrzf^^^mmm^m^^rzP^^^-jimTFT 

(PTFT(hli^) <hN^-\':?^;USTFT (NTFTi 

mmmm<Dx^ y^y^m'T''^mm}^y^/'^-fBi^. $ 

iaiO(C*^J£««JCDf^SiXScD^®gi^^-ro 
S« (ll~->^^7 0 5 9) 3 0 l±{ZX/%y^V>^ 

mz^-oXm-^ 200 0 AO^fbg^OTit^M 3 0 2 ^ 

m^r^o r:^€iz^^)i-^x^^rz\mimmmmzj: 

oTJ^^^tlfcVX^ 3 0 S^^^t-So COVX^3 0 
3ti. 3 0 OCDSl«TXU'y ht^lcTift]g3 0 2^»M 

$it5o iP"^, mo (A) (D^m^±m:^^hM.^t. x 

U^y ht^{rTil6M3 0 2tiSaLT*30. ffitiSS^tiV 

[0 13 6] ±|BVX^ 3 0 3 $19:tj-;^cf^, X/^'^^U 

>^m\Z^-DX. j¥^ 5-2 0 0A. ««iA«2 0AO^ 

ft:-^7^;i/M ({b^SiNiSi. . 0. 4^x^2. 
5. m^^t. x = 2. 0) ^ 3 0 0 (DmmzmiR6^\z^ 

[0 13 7] -O^IZ. y^X-7CVDffi{CJ:oT. fW^ 
500-1500 A. m^ifll 0 0 oAcDMit iim) 

co#SK^«i«3 0 4*^K-r^a ^LT, c:n^*m 

iiTC^fflmT (»^L<^i. 7X^(7)53^E;:?^'0. 1-lM 
i±) , 5 5 or, ^/i^l^fgttlJHmfL (^^JE) , 5 
5 or, T4»#Fpl7x-;H.T^S{b$it^o 

mtz^y'r)mt)m^mz^m'^nrz3o o<Dmmz^ 
i^Tti, s«3 0 1 izMLxm^yjf^\z4mn^mm3 

0 4CD^^it^^mZ^o ^LX. «S«3 0 OJ[^ncOM«E 
X\t. ^En3 0 ST^Tct^lC, SB«E3 0 0*^?,SI;^rfi] 

[0138] ±IBIS(7)^5^. ^N^Sa^iK 3 0 4^^ 

aib^i^T, fs^it^mm^'i%^ctf)^xt^o "to 

X/t'y3^U>^ffi(CctoTi?$l OOOACDK^fta 

^M3 0 6 ^y^ h»i^^<tLT^^T^. Xny^^J 

yf\z\x. ^-VyVhbxmmM^^^^. T^ny^ 

U>i>^»#(7)S«SS«2 0 0-4 0 or, fisj;lti3 5 0 
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[0 13 9] ^l^^l^T. X/^y^^jy^mz^-DT. 
iP^ 6 0 0 0-8 0 0 0 A, fisj^^^e 0 0 0 A(^7;i^5 10 
rr-^A (0. l--2%c?)vU=i>^^0) ^^KT-S. 

[0 14 0] ^LT. 7;i/^-'^i,M^A^'"-->^L 
^rVhmffi3 0 7, 3 0 9 *Jgfi£-r-5o $'=>(C. d 

fbi^ia 0 8,31 o^mf^r^o :i(Dmmmit\t. m 

o^^Co ff^ny^cgffbt/lS 0 8, 3 10OJ5^H2 0 0 

OAt^o/Io ^cf^, ::c7)KjbtJ3 0 8 i:3 1 0 ^fi. 

[0 14 1] :kiz. ^tyi'i^xiz^'oT. ffittl^i^ 
^{^4T^^«iEti^^iaT^o ceo H-if >i^iii(c4o 

v^T. hmms 0 7 t^omm(Dwtitm 3 OS. y 

hmffi3 0 9 ^^(Dmmomtms i o ^vx^cht 

XiiLT. :7:tX7^> (PH, ) iDJ:t/v4^^> (b 
. H, ) ^fflVi. H&#<;)^^«, iPiimJE^e 0-9 0 
kV, ^J^tfSOkV. ff^(7)«^t5, 4 0-8 Ok 30 
V, 0iJ^tl'6 5 kVi:1-^o F-Xgtil X 1 0'^-8 
X 1 0'^ cm-\ ^J;l^f, «lf^2x 1 0'^ cm-\ 4^r> 
*^5X 1 O'^^r^c H-tf>yiI^UTtS, -^60 

7tm^mmmz\^-\i>^-r^o com^. Nm(D^m 

tlSS«3 1 4i:3 1 6. P m<D^m.i^m^ 3 1 1 t 3 1 
S^mj&^n. P^^^-jmTFT (PTFT) (Dmm 
tN^^:^^)l'MTFT (NT FT) tomiSi^m^t^ 

[0 1 4 2] ^(Di^. U-if-7t<^S8*f{Cct-:)T7-- 40 

MrOc U-^-^tbTlt. K r FX^^S^Vl^— tf- 
(^^2 4 8 nm, /t;i^Xi|ii2 0 n s e c) ^ffll^/i 

mt. X;?;;i/:^=-gBS;0^2 0 0-4 0 Om J/cm^ . 

«?yxtf 2 5 Om J/cm^ <hL, 2 - 1 0 

(DmMmiz&m^2 0 0-4 5 ovm&iz-hmr^ct 

^^it-^nrzmmzit-y^)if)^ii:mLxi^^(Dr\ c 
(Du-v^-yt<DmMizj:-DX. m^^itT^^^^izmn so 
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pmii^^r^^mm^\'-y''^tirz^i^^mi^3 

1 1 t3 1 3. S^llUN^^^f^^MftTli^'K-y^ 

tirz^m^mms i 4<!:3 1 ets, ^s^izmmt-^'^h 

[0 14 3] C0Xm\t. 2 urn) 

\z^^^y'f7--)V\z^^-^mxhi:^^. ^^^mm 

m^\tm^'^n^t<. 1 0 0 0SWJ:(^l^7X-;i.{C 

s®. f3^7.mw.^\t^^^n\z<\'^(Dx\ :y^xs« 
(Dx. 'foy7.m^(Dm^f)mmtf^^xm\z^\^^T\tm 

[0 14 4] m^x. ;p$ 6 0 0 ok<Dmt^mm.3 1 
s^mmmkmtLX':ryX-^cv'Dm\z^r>xm^ 

z,n\zziy^ ^ v^^-)i^m)^Lx. ^mMm. m 
mt'^^yt7)v^zzoi^(D^mm\z^-oxT¥ 

TCDffiffi -12^317, 320. 31 ^^W^^^t^o ft 
f^tl. l^JE(7)*^|?fflMT3 5 or, 3 0^(D7-- 

T¥T^mmm\zmiSLLfz^mwM^^^^ 

Ltz. (010 (D) ) 

[0 14 5] ±IB{I^-rieISS«. PTFTctNTFTch 

^^^m\zwtmzcuosm^^x$>^t^. ±.%iizmz^ 

\^X. 2O(Z)TFT^|H]B${cf^0, ^^Xm^-t^Zt 
1&tLLtzT¥T^2'::>mmzV^Wt^Z.th'^ 

[0 14 6] ^ini. EIlO (D) ^±®;!i^^^fc«S$ 
0inc^{t^l5^H01Ocof?-^{rM]S-r^o lail 

-7./\^i"i>m^<D^\^ (y-xss«i:Ku-r>^« 

CJOT F TOi<jf^P#{I^l^T> ^-v U 7tiy-x/ K i^-r 
T^m^Ct:^^X^^. 

[0 14 7] **jsfi^j(ci3iiTti. N i ^mAr^:fjm 

tLX. $mnmmm3 O 4Tc^Ti«3 0 2±{r3i^ 

wtcN i {m^xm^(Dx\ mtLxmmr^c 
t{tmmx&^) tLxm^L. c(Dmjff}^ibif^^j&^ 
^nt^-r:^&^imLrzi}^. $mn^mm3 0 4^wm 
mz. m^mzm\:::zy^)m^f^m-r^yjfixh^ 
^\ m-^. f&^^mt4^^n^mmo)±m^^h,n'DXh 
cfci^^L, rm^^ih^n'oxh^iK ^fz. 'fe6#aga^ 
m^f^mt. ^ ^iz^:t>\^-\z>^m^mi^x. -y 

'r)l^:t>^Z.CD$mn^mm3 O 4 4'lCiitRe9(CttA 

-r^:^m^imLxh<^^K commit. z^y'Dv^n 
tzi'^w^mMwrnzn-^^bz-y^jx^Q^mx^mt,. t^^x 

TjaJi-^ c V D ?i (I J: ^ T ct V 
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[0 14 8] i^mmm ^nmm\t. y^f^-fmo) 

{ttii<. mmm^m^izhmmxt^. ^tz. ^^-v 
^y^'^^(n^w\z%mt^^tt^'x:^^. ^^nmv 
^>v^(i:fijffl-r^oT*ntf, '^\z^(ry^mi^m%^ lo 

10 14 9] *jlM«^JC?Df^S(lS(^itI9&^012{C:S"ro 
**lSftliI*5(.iT, S«4 0 1 iLTtin-->^7 0 
5 9:^^xaig (ip^ 1 . 1mm. 3 0 0 X4 0 0m 
m) ^^^fflbfco Tite^4 0 2 (S^fCa^) 

/N'^y^$^U>y?iT2 0 0 0 AcDi?$(-^^T^o CCOt^ 
WWl^\z-v'T)\'^MX-t^fz^\z. ^^'Jl/VX^^K 

U>^rS{lJ:oT. ii^5-2 0 0A, 2 0 Ac;!) 

i, > 0. 4^x^2. 5, mX^t. x = 2. 0T^$ 
n^o ^lOcfc^lcLT, ii^Wlcm«4 0 4{i^|b:::^y 

[0 15 0] LPC VDffit>L<Hy^XvC 

VDffiT#^Ma^K4 0 5^10 0 oA(Dm^\zm^ 
4 0 0t:TmF«iBtt*^{i:*fTofcf^, ini^ftT-- 

TC^HMT ($f^L<^i. tK^co^^JEE/O^^O. 1-1^ 30 

EE) , 5 5ox:x4mmn-Drzo ^rzc(Dijm7--ji 

[0 15 1] C(DTzi-)UTn\Z:^l^X. ^SKS^M 
COIS, 012 (B) (D^mX^r^olZ. mit^.y'Dl.l^^ 

^m^tix\.^^m^4 0 4x\t. S1S4 0 1 (isa^f^ 

Tjk^n^^oiz. mitr.y^jV'^ifSim'^n^^^x^^ui^^m 
^ (m^4o 4sxn(Dmm (c^^vixti. mmzi^L. 4o 

[0 15 2] c^Lx. ^^^it^m<^or^^'^mi$m4 

/^^-->^LX&i^(D^mi^m^ (TFTCDgttl) 

^?^fiicT^o cico^. ^wmn<^^s^&Lrz^^<D9c 
t^mm^m. mz^^-^jm^mmz^^Lt^i^^o 
iz't^zt^mwx$)^o nt^mzitt. mn (b) 

'r)i^^mx^tirz4 0 4<D^'7^t::(D^mcomj§^ mm 



^ 18 ) if*M¥7 - 3 2 1 3 3 9 

34 

^att^^M4 0 s<Dmmz¥m<^ij\^izf^^^^ 
i^rz^mm^^tsmtLxfmr^ c t^^^mx$> 

(D^mzm§^s^R{irct ^m<rzibx$>^o 

[0 15 3] ^i^lz^hy ' —>y> (TEO 

^r^x. mmmoy-f hmmm (jp^? o-i 2 o n 

m. ASWtClil 0 0 nm) 4 0 e^m^T^o 
StSr^f^XcDfig^-^y US:K5jl:-r^;ta6(C4 0 Ot:£i 
T. »^L<tl2 0 0-3 5 Ot:i:r^o 
[0 15 4] l>*ac7)vUn>^^)5£53^chL^cK^ 

h«S4 0 i^m^-r^. ^(Dm. Nmoyy^m^t 
Lx. 'j>^^^>&Amx&xL. ges^wtiy- 
:^m^4 0 s. ^v^jim&mm4 0 9. Ku-r>M^ 

4 1 0 ^m&t^. ^UT. K r F tf-7t^BS|t-r 

(OJi:^)V^-mmt 250-300mJ/cm' 
KK>Ov- hJgtaJiS 0 0-8 0 0 Q/cm- tU 

[0 15 5] K^i:a*tij:t?Tsra*e»t^4 i 

l^fl^^b, il^lM4 1 2 ^ I TOICctoT 

J^fi£r^o "tLX. Z2>^^ hn-^-)l^J^&LX. TF 

MTmffi4 13, 4l4^m^L. Z<Do^-:^<Dmm 

4 1 4ts I T04 1 2izhim-r^^v\z-r^. mm 
iz. 7m^x2 0 0-3 0 ox:x2mm7zz-)Ubx. 

vUn>0*^{b^^7-r^. C(DJ:olzLX. TFT 

^^^XhW\miznt:)ti^:, 

[0 15 6] ^mmmxrfmLrzT F T\t. y-x^ 

tLX. +r U7(7)ritn^;^f^(cf^^05£:l$i±Ac*5^tt 

f^mmoMi^TFT^n^:iffj^'v^rz. ^^js^UTf^ 
iaL/iTFTtiN^i'^.;i.siT'*D. -^(D^mmt. 9 

0-13 0 (cm^ /Vs) T*ofco fit* CD 6 0 0 
4 8PSF.^(^#ft7--;KCJ:^^^{t:IZJ:-:3Tt#^tl 
a >^ U u >M ^ ffl V ^ N ^ 1- T F T (c^ Si 
8 0- 1 0 0 (cm^ /Vs) T^-:3/tC:ch(hj±«J 

[0 15 7] ^rz±.m(Dxmtmmi^myjmz^-, 
X. P5^'v;^;i.^TFT^f^KL. "tof^mm^mmr 

^t. 5 0-8 0 (cm^ /Vs) Xh-otz. Ctih^ 
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3t5©6 0 0*0. 4 8B#FB^©fSi7:i-JHCcl:-5^a{bicJ; 
•3 T# f. nfci^attaSlM^ffl I'^fc P 5^ V ^JPS! T F T 
tCi^ijJi^ 3 0~6 0 (cm' /Vs) T$)ofe;i,tlI 

[0 15 8] immm\i) :^mmm\t. ^mmmz^^t 

« W 5 <t -5 tc ' J 7 fft L n ^ ;S: V i fc J& 
-rigfi£iC*3l/iT. miCTFT$>i:OJ;'5;SfnJ#TSltS 
to 1 5 9] C3IJS«^12) *IIJg09«. IliS^JlOlCS^I- 

n*(6]#TTFT®:5[6]S:fta6-g.;i<>:<i:-r-&) ^iSatt 20 

^^rsCilCiO, TFT®#tt5:ilS?-r-5r<J:SrS 

[0 16 0] miai©±^ic. ;^l,©fiE«^if6]ic4^rU7 
$»l!l$-B--5«^, ++'J7«iga«i#lC«oT»il-r 

-SOT. ^®^»gS-fSi±$ii-s;ii:;6^T-€.5. 

'J7*t#IS:®JSi|^$r««?,/j:ttn« 
t£ihU\^ni^. +^'J7®#;SiS«i£T-r5. 
[0 16 1] ^CT. c:cD2-::)(;Dt«:^,CDFB'JT, Bp-^^H 30 
U 70^1;T'5>:^(o]io^|g$- 0 ~ 9 0 
° WieffltCfcV»TS:^-r-5.Ci:(CJ:0. 4^-^ 'J 7(DgPf!i 
S ^ SiJWT -5 C t ^ ^ . $ fcgij/j; M:^ * 1- -5 ?i ^. 

gt*®J»T'#-5C:i:(C^£«, ^lfeCO«fig«, 01 ItC 

iz^t7.'jy h^<7)-y'r)immmmmm3'o o*^o~ 

9 0' ©igHTlHiet. ^EP 3 0 5 T;K-r*g^«fi£fi;^ 
[pJi. y-X/K W>«J|E$i^^i^,»:©ftS?5^0~9 40 

0° izm^m-^immmii^^^ < . y-x/Hu-r 
c(DAmti^9 0° tcjfiii*^, ^ifi«*MN$<, y-x 

[0 16 2] 

$TFTiC?iJfflf-5iC^L.T, TFTrt^^fi-r-S^-v 
'J7©tiitncD;^[p]$ig^figg;0tt-Tt)nAc;^[fi]i^i3-tt-5 50 
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CtlCiO, +-tU7(7)SH(i;5^Sf#;St[itt*^ICB)cgL 

^CtA^T^. S^idS^Wr^TFT^ff-S^lTjiT* 

-5. 

[0 16 3] S1StC¥ff;i:^f6llC«g^B£gL/;5t 

T?¥SLTl^.5©T. C®M^$$ttTTFT$Jg6)c-r 
•SZLtiCiO. TFT©i(;f^CD$Stt^<I«tt$,Si6S 

T, ^m'&Am<, i^tt^ivixA'-f xstt-sdi^^'T 

[iaffi©flBWj:ittW 

[H 1 ] ^^tta«Klc*5ttSS[nH4©«4it7ci^i8« 

[0 2] m^imm^mm-r^=f:^)mT$>^. 

[04] ^S14^^M®X^@^©ig«SrS^t-. 

[1215] mmmoi^^xm'^Tnt. 

[0 7] mmior^sixm'^^sr. 
[0 8] ii^#ijcoft;Mig$^-r» 

[010] mmmof^^xm^mt, 
[011] ^^^tj^M^s^-r. 
[012] mmmoi^mx^=^^fi-t. 

[013] ]^ma©^^1fii$^RT¥KT*-5. 

[014] s^K©^^«ji*5^-r^?*T*s, 
[015] a^^©*s^«ii$^-r?«T*-5. 

[016] a*ll©*S^:^{S&^Lfe<tit0TS.-5. 

[017] ^mm^po-y^jia^^^i^.r. 

[018] il*SEK©t^«i^*-r^XTafe5. 
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